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The potential role of selected body composition phenotypes in the interpretation
of the exercise-induced components of the insulin-like growth factor systems
Abstract
Introduction: Increased adiposity leads to impaired physiologic growth hormone secretion and low and
high body mass index (BMI) values increase health risks. However, BMI only measures results in
variations in fat-free mass (FFM), fat-free mass index (FFMI), normalized fat-free mass index (NFMI), and
body fat mass (BFM). This study evaluated the insulin-like growth factor system responses to the given
exercise and their interaction with the changes in BMI, FFM, FFMI, and NFFMI in healthy male
participants. Material and methods: A randomized controlled trial with a parallel groups study design was
used. Thirty healthy male participants (age: 21.33 ±1.24 years) were divided into three categories: highintensity incremental (n = 12) and low-intensity constant (n = 12) cycling training groups and control
group (n = 6). Training groups performed three times per week throughout eight weeks. VO2max, serum
biomarkers, and neuromuscular performance were measured both during baseline and follow-up. Results:
The changes in bioavailable IGF were not correlated with BMI (r = –.267), whereas they significantly
positively correlated with BFM (r = .321), and inversely significantly correlated with FFM (r = –.472), FFMI
(r = –.425), and NFFMI (r = –.379) after 8 weeks of exercise. For relative bioavailable IGF changes, FFM
(r2 = 0.17), FFMI (r2 = 0.18), and NFFMI (r2 = 0.14) percent change explained nearly three times the
variance as BMI percent change (r2 = 0.07). Conclusions: Increased bioavailable IGF-I suggests an
increased anticatabolic effect and inverse interaction with body composition phenotypes following
exercise. The partitioning of BMI into FFM, FFMI, and NFFMI rather than relying on sole measures of BMI
seem to offer more precise results in the assessment of the interactions between the body composition,
neuromuscular performance adjusted with body composition phenotypes, and training-induced changes
in insulin-like growth factor system.
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Abstract: Introduction: Increased adiposity leads to impaired physiologic growth hormone secretion
and low and high body mass index (BMI) values increase health risks. However, BMI only measures
results in variations in fat-free mass (FFM), fat-free mass index (FFMI), normalized fat-free mass index
(NFMI), and body fat mass (BFM). This study evaluated the insulin-like growth factor system responses to the given exercise and their interaction with the changes in BMI, FFM, FFMI, and NFFMI
in healthy male participants. Material and methods: A randomized controlled trial with a parallel
groups study design was used. Thirty healthy male participants (age: 21.33 ±1.24 years) were divided
into three categories: high-intensity incremental (n = 12) and low-intensity constant (n = 12) cycling
training groups and control group (n = 6). Training groups performed three times per week throughout
eight weeks. VO2max, serum biomarkers, and neuromuscular performance were measured both during
baseline and follow-up. Results: The changes in bioavailable IGF were not correlated with BMI (r = –.267),
whereas they significantly positively correlated with BFM (r = .321), and inversely significantly correlated with FFM (r = –.472), FFMI (r = –.425), and NFFMI (r = –.379) after 8 weeks of exercise. For relative
bioavailable IGF changes, FFM (r2 = 0.17), FFMI (r2 = 0.18), and NFFMI (r2 = 0.14) percent change explained nearly three times the variance as BMI percent change (r2 = 0.07). Conclusions: Increased bioavailable IGF-I suggests an increased anticatabolic effect and inverse interaction with body composition phenotypes following exercise. The partitioning of BMI into FFM, FFMI, and NFFMI rather than
relying on sole measures of BMI seem to offer more precise results in the assessment of the interactions
between the body composition, neuromuscular performance adjusted with body composition phenotypes, and training-induced changes in insulin-like growth factor system.
Keywords: serum biomarkers, IGF bioavailability, body composition phenotypes.
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1. Introduction
Human growth hormone (hgH) is classified among anabolic hormones and has an
essential role in regulating protein metabolism, hypertrophy in muscle mass, and it stimulates insulin-like growth factor-I (IGF-1) synthesis [1]. IGF-1, also called Somatomedin
C, plays a key role in regulating the proliferation, differentiation, regeneration of skeletal
muscles, and specific functions of many cell types [2]. The circulation of IGF-1 in skeletal
muscles, which is a metabolic mediator of human growth hormone (hgH), increases during exercise, and the intensity and duration of physical activity determine the levels of
circulating IGF-1 [3]. The increase in the levels of circulating IGF-1 stimulates growth in
all cells, from skeletal muscle and bone to organ tissue and vessel linings [4]. However,

(https://creativecommons.org/licenses/
by/4.0/).

www.balticsportscience.com

Balt J Health Phys Act. 2022;14(3):Article7.

2 of 12

intrinsic and extrinsic factors, such as age, gender, genetics, nutritional status, physical
activity, and stress have a crucial role in the regulation of circulating levels of IGF-1 [5]. A
deficiency or excess in the levels of either hormone may result in physiological errors in
metabolism due to the relationship between IGF-1 and hgH [6]. IGF-1 levels in the organism also vary depending on the muscle mass, the metabolic rate, and muscle strength [7].
The intensity of the exercise, most specifically intense exercises, has been shown to increase the circulating levels of IGF-1 [8]. Nevertheless, increased, decreased, or unaltered
levels of IGF-I after resistance or endurance training complicate the dose-response relationship between IGF-1 and physical activity due to the existence of compelling evidence
[9–11]. IGF-1 bioactivity is regulated in part by its six binding proteins, and each of these
proteins has an essential role in regulating IGF bioavailability. Among all of these binding
proteins, IGFBP-1, which is an endocrine factor that alters serum IGF bioavailability, has
been proposed as the acute regulator of IGF bioavailability because of its metabolic regulation by glucoregulatory hormones [12]. It has been reported that the simple measure of
total circulating IGF-I encompasses ternary, binary, and free IGF-I molecular isoforms despite the fact that only the free IGF-I isoform is bioavailable to bind tissue receptors and
exert a cellular effect [13]. The results of those studies have asserted that the measures of
either bioavailable or bioactive IGF-I are superior to total IGF-I since they may have utility
as a more sensitive biomarker than total IGF-I for assessing physiological strain and subsequent alterations occurring in the biological matrix when assessing the health status, as
well as metabolic and cardiovascular functions [14–19].
Additionally, inadequate physical activity, nutritional factors, and low and high BMI
values have been shown to lead to increased health risks and IGF-I bioavailability, which
may lead to increased risk of certain types of cancers [20]. Increased adiposity due to the
insufficient amount of exercise may thus lead to impaired physiologic growth hormone
secretion and decreased growth hormone responses to all stimuli. Accordingly, increasing
physical activity may be the most effective strategy for reducing levels of bioavailable IGF
since increased adiposity has been shown to lead to the impaired physiologic growth hormone secretion and decreased growth hormone responses to all stimuli [21]. Although
BMI is the most frequently used method to interpret the physical activity-induced changes
in body composition, this method has been criticized because BMI does not always reflect
actual body adiposity and has some limitations in assessing the risk of obesity-related
diseases in persons with low muscle and high body fat and in individuals with increased
body fat and normal BMI [22–24]. Also, despite the interaction between the body composition and endocrine responses to the given exercise– BMI does not discriminate body fat
from fat-free mass and result in variations in FFM, FFMI, NFMI, and BFM. It also does not
allow a precise measure of the changes in the aforementioned components following
physical activity and leads to misinterpretation of the physical activity-induced changes
in the insulin-like growth factor system [25]. With this regard, it seems that body composition may be better evaluated by assessing body fat and fat-free mass [26]. Thus, the
measurement of FFM, FFMI, NFFMI may have utility as a more precise method to determine the physical activity-induced changes in skeletal muscle than relying solely on BMI
for assessing subsequent alterations occurring in the components of the insulin-like
growth factor system which has an essential role in facilitating protein accretion and muscle hypertrophy. This study evaluated the relationship between the selected body composition interpretation methods and physical activity-induced changes in the components of
the insulin-like growth factor system in physically active healthy male individuals undergoing 8 weeks of high-intensity incremental cycling training at a vigorous intensity compared with a low-intensity constant cycling training.
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2. Materials and Methods
2.1. Subjects
Thirty healthy male participants with at least 3 years of sports history voluntarily participated in this study (age: 21.33 ±1.24 years, height: 177.80 ±5.97 cm, weight: 73.99 ±7.66 kg,
lean mass: 64.64 ±7.34 kg, percentage of body fat: 13.17 ±5.00 %), respectively. A randomized
controlled trial with a parallel groups study design was used including vigorous and moderate intensity training groups and a control group in order to investigate the changes in
serum biomarker responses induced by trainings with different intensities. The inclusion
criteria applied in the research were healthy, physically active (e.g. at least 3 times in a week)
male participants aged between 18 and 30 years old, who were not suffering from any kind
of acute or chronic disease that would limit their ability to participate in the study; refusal
to give informed consent, failure to adhere to pre-test requirements, evidence of altered
training/fitness were the exclusion criteria from the study. All training interventions were
conducted three times per week throughout eight weeks with one-day interval. The participants gave written informed consent prior to participating in the study approved by the
Institutional Review Board in accordance with the ethical standards of the Helsinki Declaration.
2.2. The Assessment of Anthropometric Parameters
The anthropometric parameters were determined using Bioelectrical impedance analysis (Tanita 418-MA Japan). The participants' heights were measured by means of a stadiometer in the standing position (Holtain Ltd. U.K.). All participants were instructed to maintain their usual food intake, hydration, and physical activity and training sessions were
started 1–2 days after baseline tests at individual training intensity based upon each participants' baseline maximum oxygen consumption parameters. BMI was calculated by dividing body weight by the square of height (kg/m2). Body fat was calculated based on a simple
equation, and the results were expressed in kilogram units [kg].
Body fat = weight [kg] * (body fat [%] / 100)
Fat free mass (FFM) was estimated using the following method, and the results were
also expressed in kilograms [kg].
Fat free mass = weight [kg] * (1 - (body fat [%]/ 100)
Fat free mass index (FFMI) allows distinguishing between fat gain and muscle gain
following an exercise. The increase in the fat mass results in a decreased FFMI while and
increased FFMI shows the gain in muscle mass. The formula shown below was used to calculate FFMI. The results were expressed in kilograms per square meter [kg/m²].
FFMI = fat free mass [kg]/ (height [m])².
Normalized fat-free mass index (NFMI) was also calculated since the participant's
height may affect FFMI. To better isolate muscle, a normalized FFMI formula was usedm,
and the results were expressed in kilograms per square meter [kg/m²].
NFFMI = FFMI [kg/m²] + 6.1 * (1.8 - height [m]).
2.3. The Assessment of Cardiovascular Components Used to Determine Individual Training Intensity
Maximum oxygen consumption (VO2max) and time to exhaustion were measured in
a preliminary test session using Ergoline Ergoselect 100/200 cycle ergometer over a oneweek interval to determine training intensity both for vigorous (120% of maximum oxygen
consumption) and moderate (65% of maximum oxygen consumption) training groups. In
the first visit, a progressive cycle ergometer test was used to determine maximum oxygen
consumption and maximum individual fatigue intolerance point. Participants started to pedal at 50 Watt and were asked to pedal between 95–100 rpm. Each stage consisted of 2
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minutes, and the load was increased by 50 Watt with the completion of every stage until
a plateau in VO2 despite an increase in cycling intensity, a respiratory exchange ratio (RER)
above 1.1, 90% of the predicted maximal HR. If the stage of 2 min could not be completed,
the load of the previous stage was recorded. The load that VO2max elicit was recorded to
determine individual training intensity used during vigorous and moderate trainings.
Throughout the test, the Borg scale was used in assessment of the perceived exertion during
exercise.
In the following session, participants were tested at their individual fatigue intolerance
point at a constant load until volitional exhaustion. Following 10-min warm-up period at
60% of maximum fatigue intolerance point, the load was immediately increased (in less than
20 s) up to maximum individual training intensity, and the participants were encouraged to
pedal at a constant speed of 100 rpm to their volitional exhaustion. O2 was measured breath
by breath (CareFusion MasterScreen CPX, Germany) and subsequently averaged over 15second intervals. Before each test, the automated gas analyzer was calibrated according to
the manufacturer’s recommendations. The heart rate was also monitored and recorded
throughout the test sessions using 12-lead ECG. Individual training intensity was determined using baseline fatigue intolerance point parameters.
2.4. Collection of Blood Samples
During baseline and follow-up test sessions, 5 ml of fasting blood sample was drawn
from the brachial vein 15 min before (pre-), 15–30–min after (post-) and 24 h after the interventions (24h-post) between 08:00 a.m.–12:00 p.m. The participants were seated after the
interventions for 15 min until the first blood samples were collected. Blood samples were
stored at –80°C and analyzed after completing the study. Serum IGF-1 and IGFBP-1 samples
were collected using Elabscience kits (IGF-1: Detection Range: 1.56~100 ng/ml; Sensitivity:
0.94ng/ml; IGFBP-1: Detection Range: 0.16~10ng/ml; Sensitivity: 0.10 ng/ml) and analyzed
using Enzyme-linked Immunosorbent Assay (ELISA)-method according to the manufacturer’s instructions (R&D Systems, Minneapolis, USA), and the proportion of IGF-1 to
IGFBP-1 was used to measure bioavailability of IGF-1 [27]. No nutritional supplements were
allowed during the study period. All participants were also instructed to maintain the usual
nutrition throughout the study period. Blood samples were also taken prior to time to exhaustion tests both at baseline and 2 minutes after the intervention to determine blood lactate concentrations. Blood samples were collected from earlobe using Lactate Pro 2
handheld analyzer (LT-1730, Arkray Inc, Kyoto, Japan).
2.5. Isokinetic Strength Measurements
Prior to the assessment of isokinetic strength parameters of dominant and non-dominant legs, the participants were seated in the upright position with the hips flexed at an
angle of 90°. Each participant performed dynamometer trials over a series of 10 sub-maximal repetitions both during knee flexion (concentric) and extension (concentric) at 180°/sec
followed by 5 maximal bilateral knee extension repetitions, from 90o of flexion to full extension (0°), at an angular velocity of 60°/sec and 180°/sec at a maximal effort. The dominant
leg was chosen as the leg used to kick a ball. Gravity correction was made prior to all test
sessions.
2.6. Statistical Analysis
Using the Shapiro Wilk-W test study, the normality of distribution was calculated, followed by a two-way mixed ANOVA with repeated measurements to analyze the results
obtained for subgroups before and after treatment (groups vs. pre/post-treatment). The Wilcoxon paired test, the Mann-Whitney U non-paired test and the Kruskal-Wallis test with
Bonferroni correction for non-paired data were conducted to evaluate the results obtained
for all groups before and after treatment. Using the coefficient of Pearson product moment
correlation, correlations were tested. All outcomes have been described as the mean ±SD.
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The level of statistical significance, for all comparisons, was set at p < 0.05 and p < 0.001.
GraphPad Software The GraphPad Prism 6 was used for graphical expression.
3. Results
There were no significant differences between groups concerning body composition
phenotypes, VO2max, and neuromuscular components before the treatment period (Table
1). The percentage fat mass significantly decreased in moderate and vigorous training
groups (p < 0.05). VO2max parameters significantly increased following both moderate and
vigorous training regimen compared to baseline measurements (Table 1). No statistically
significant differences occurred with regard to knee extension and flexion parameters following 8 weeks of training.
Table 1. Comparison of mean values of anthropometric and physiological variables and
their significance using Wilcoxon Signed-Rank Test for Paired samples.
Variable

Control (n = 6)
Before
After

Moderate (n = 12)
Before
After

Vigorous (n = 12)
Before
After

Body weight,
75.27±7.25
75.17±7.12
70.97±9.11
71.67±9.14
75.76±6.59
75.18±5.80
kg
Percent fat
14.60±5.54
14.65±5.55
10.98±4.68
9.89±4.58*
13.89±5.31
12.37±5.20*
mass, %
VO2max,
47.68±5.77
48.26±3.15
43.64±3.62
54.13±2.65**
48.40±5.02
56.71±4.20**
ml/kg.min-1
274.67±6.5
268.50±27.7
250.50±28.8
239.83±28.57
282.75±53.32
290.67±45.32
DNE, Nm
239.67±13.4
237.83±36.8
241.08±22.2
243.42±34.4
255.08±33.70
258.50±39.15
NDKE, Nm
147.17±15.5
143.67±21.6
149.83±14.1
145.43±26.2
167.83±32.11
170.50±32.18
DNF, Nm
123.83±11.9
121.17±10.5
132.58±22.8
133.50±17.8
163.42±31.00
166.58±25.30
NDKF, Nm
Body weight,
75.27±7.25
75.17±7.12
70.97±9.11
71.67±9.14
75.76±6.59
75.18±5.80
kg
Note: Pre- and post-training parameters for all groups (values are mean ± SD). Asterisk (*) – a significant change from preto post-training within same group (p < 0.05). Asterisks (**) – a significant change from pre-to post-training within same
group (p < 0.001). BMI: body mass index, VO2max: maximum oxygen consumption, DNE: dominant limb knee extension,
NDKE: non-dominant limb knee extension, DNF: dominant limb knee flexion, NDKF: non-dominant limb knee flexion.

However, bioavailable IGF significantly increased in all groups compared to baseline
measurements (control: Z = –3.94, p = 0.000; vigorous: Z = –4.62, p = 0.000; moderate:
Z = –3.49, p = 0.000).
Table 2. Body composition and IGF-I system levels before and after training (n = 30).
Variable

Minimum
Before
After

Maximum
Before
After

Mean (SD)
Before
After

Body mass
18.26
18.16
28.37
28.09
23.35 (2.50)
23.25 (2.22)*
index, kg/m²
Fat-free mass, kg
49.71
49.82
73.85
74.13
64.50 (5.11)
64.28 (5.23)
Fat-free mass index,
16.85
17.26
22.76
23.24
20.41 (1.46)
20.34 (1.53)
kg/m²
Normalized fat-free
16.69
16.79
22.76
24.03
20.55 (1.61)
20.48 (1.69)
mass index, kg/m²
Bioavailable IGF-I pre
1.05
1.17
15.93
29.11
3.95 (3.18)
8.92 (4.73)***
15 min, ng.mL–1
Bioavailable IGF-I post
0.81
0.24
9.62
21.01
3.99 (1.77)
9.41 (3.71)***
30 min, ng.mL–1
Bioavailable IGF-I post
1.44
0.81
13.90
16.67
5.88 (3.00)
8.63 (3.00)***
24 h, ng.mL–1
Body mass index,
18.26
18.16
28.37
28.09
23.35 (2.50)
23.25 (2.22)*
kg/m²
Note: Pre- and post-training parameters for all groups (values are mean ± SD). Asterisk (*) – a significant change from preto post-training within all groups (p < 0.05). Asterisks (**) – a significant change from pre-to post-training within all groups
(p < 0.000).
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There were no statistically significant correlations between bioavailable IGF, body
composition phenotypes and neuromuscular components. However, the partitioning of
BMI into FFM, FFMI, and NFFMI were found to be statistically significantly correlated
both with the changes in the bioavailable IGF system and neuromuscular components
(Figures 1a, 1b, 1c). Bioavailable IGF was not correlated with BMI following 8 weeks of
exercise (r = –.267, p = 0.154). However, negative significant correlations were found between bioavailable IGF and fat-free mass (r = –.472, p = 0.008), fat-free mass index (r = –.425,
p = 0.019), and normalized fat-free mass index (r = –.379, p = 0.039).
a)

b)

c)

Fig. 1. Interactions between bioavailable IGF and (a) body mass index, (b) fat-free mass
index, (c) normalized fat-free mass index
Similarly, BMI adjusted knee extension (r = –.284, p = 0.129) and flexion (r = –.282,
p = 0.131) parameters were not significantly correlated with bioavailable IGF following
either training modality (Figures 2a and 2b).
However, when both knee extension and flexion moment were adjusted with FFMI
(r = –.515, p = 0.004; r = –.554, p = 0.001), and NFFMI (r = –.492, p = 0.006; r = –.543, p = 0.002),
muscular strength characteristics were negatively significantly correlated with bioavailable IGF, respectively (Figure 2c, 2d, 2e, 2f).
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a)

b)

c)

d)

e)

f)

Fig. 2. Relationships between bioavailable IGF and knee extensor and flexor muscle
strength corrected for body composition phenotypes.
Additionally, for relative bioavailable IGF changes, FFM (r = 0.41, r2 = 0.17, p = 0.024),
the FFMI (r = 0.43, r2 = 0.18, p = 0.019), and NFFMI (r = 0.38, r2 = 0.14, p = 0.039) percentage
change explained nearly three times the variance as the BMI percentage change (r = 0.27,
r2 = 0.07, p = 0.154).
4. Discussion
This study evaluated the training-induced adaptations of components of the insulinlike growth factor system and their interaction with the changes in BMI, FFM, FFMI, and
NFFMI in healthy male participants undergoing 8 weeks of high-intensity incremental
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cycling training at vigorous intensity and low-intensity constant cycling training. The
main findings in this study were that (1) bioavailable IGF-1 did not decrease following
short-term moderate and vigorous cycling training, (2) increases in bioavailable IGF-I
showed an increased anticatabolic effect following exercise and it had a greater association with FFM, FFMI, and NFFMI than observed for BMI, (3) for relative bioavailable IGF
changes, FFM, FFMI, and NFFMI percent change explained nearly three times the variance as the BMI percentage change.
Studies to date have shown that modifications in IGF bioavailability have been proposed as a mechanism linking obesity and cancer risk while increased concentrations were
associated with higher BMI [28]. On the other hand, an increase in total IGF-I and a decrease in IGFBP-1, which is typically considered inhibitory to IGF-I bioactivity, has shown
to be indicative of potentiated bioavailability/bioactivity [29]. Also, an elevated ratio IGF1/IGFBP-1 have shown to be associated with low levels of bioavailable IGF-1 and a catabolic state [30].
However, as opposed to those findings, the results of the current study revealed no
statistically significant correlations between BMI and bioavailable IGF following either
training modality (Figure 1a). Despite the significant decreases in the percentage of body
fat and BMI following moderate and vigorous trainings, no interaction was observed between BMI and the changes in bioavailable IGF. On the other hand, the partitioning of
BMI into FFM, FFMI, and NFFMI rather than relying on sole measures of BMI were negatively significantly correlated with bioavailable IGF (Figures 1b, 1c, 1d). Our results
showed that fifty-three percent of recruits gained FFM following 8 weeks of cycling training. BMI increased in 43.3% of the participants, while FFMI and NFFMI increased in 56.7%
of the participants. Furthermore, the overall increase in the mean value for bioavailable
IGF-I was inversely correlated with the increases in FFM and its indexes rather than BMI.
In accordance with that, another study also reported a stronger association between bioavailable IGF-I and activity-induced variations in FFM than did total IGF-I with changes in
FFM. They suggested that the utility of bioavailable IGF-I as a biomarker tracking changes
in FFM may be generalized to a wide variety of circumstances when altered metabolic
conditions lead to body composition changes [31]. Another study reported that fat-free
mass may take up approximately 75–90% of body weight in normal adults [32]. Thus, it
may be more reasonable to disregard BMI to assess fat-free mass since it largely reflects
total body weight rather than fat body weight. These results suggest that the use of BMI
may offer inconsistent and inaccurate information on a subject’s body composition due to
its major limitation in distinguishing between fat-free mass and fat body mass.
From the standpoint of a non-linear relationship between BMI and IGF, bioavailable
IGF has been shown to increase as a result of resistance training-induced increases in IGF1 levels which may also be contributing to the significant strength gain [33], whereas another study reported that IGF-1 is associated with higher levels of aerobic fitness and muscular endurance, but not with muscle strength or fat-free mass and subsequent anabolism
for muscle hypertrophy [34]. The results of the current study showed that the changes in
strength parameters following either training modality were insignificant whereas
VO2max significantly increased following either training modality (Table 1). Despite the
importance of IGF-I in normal muscle growth and anabolism, the results of the current
study revealed no statistically significant correlations between muscle strength performance and bioavailable IGF following either training modality. However, when muscular
strength indices were adjusted with FFM, FFMI, and NFFMI, the changes in muscular
strength performance were negatively significantly correlated with bioavailable IGF (Figures 2b, 2c, 2d). Our results showed that fifty-three percent of recruits gained FFM during
cycling training. BMI increased in 43.3% of the participants, while FFMI and NFFMI increased in 56.7% of participants. These results reveal that, since height and fat-free mass
are taken into account to calculate FFMI, it reduces the bias associated with % body fat
when calculating these indices. Additionally, FFMI and NFFMI seem to be better indicators when the relative contribution of skeletal muscle performance needs to be measured
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quantitatively in order to exclude a false diagnosis of excess body fat based on single BMI
measurements. These results suggest that when only BMI is used as a single criterion, the
divergent relationships between the indices of muscular performance, body composition,
and IGF responses to the given exercise cannot be distinguished. Additionally, the use of
FFMI and NFFMI as opposed to BMI seems to provide more precise information since
they may quantify the physical activity-induced changes in lean mass on the basis of total
fat-free mass rather than total body weight. Moreover, due to the fact that increased adiposity might have the potential to underestimate the increase in connective tissue, the use
of BMI may also underestimate the decrease in skeletal muscle and result in improper
classification among the subjects. From a different standpoint, FFMI and NFFMI may also
offer information with regard to the metabolic disturbances related to high fat mass which
may also lead to a loss in muscle mass. With this regard, the variations in bioavailable IGF
may be better evaluated using the methods based on a measure of skeletal muscle mass
normalized for height, such as FFMI and NFFMI, in combination with fat mass rather than
utilizing BMI as the phenotypic expression of adiposity which has considerable limitations in delineating fat mass from the fat-free mass.
5. Conclusions
The obtained results revealed that increased bioavailable IGF-I suggests an increased
anticatabolic effect and inverse interaction with body composition phenotypes following
exercise. The partitioning of BMI into FFM, FFMI, and NFFMI rather than relying on sole
measures of BMI seem to offer more precise results in the assessment of the interactions
between the body composition, neuromuscular performance adjusted with body composition phenotypes, and training-induced changes in insulin-like growth factor system.
With this in mind, it could be speculated that neither moderate nor vigorous cycling exercise without additional strength training or nutritional program would affect serum
IGF-1 biomarkers or reduce IGF bioavailability. Further research needs to be warranted
considering the participants' nutritional status. In addition to the dose-response relationship between exercise and serum biomarker responses, a training regimen should also be
designed using different nutritional programs to decrease IGF bioavailability.
References
1.
2.
3.
4.
5.

6.

7.
8.
9.

Filipovic A, Grau M, Kleinöder H, Zimmer P, Hollmann W, Bloch W. Effects of a whole-body
electrostimulation program on strength, sprinting, jumping, and kicking capacity in elite soccer
players. J Sports Sci Med. 2016;15(4):639–648.
Spencer GS, Hodgkinson SC, Bass JJ. Passive immunization against insulin-like growth factor-I
does not inhibit growth hormone-stimulated growth of dwarf rats. Endocrinol.
1991;128(4):2103–9. DOI: 10.1210/endo-128-4-2103
Ferenc S, Daroszewska M, Sokołowski R, et al. Influence of physical activity on the levels IGF-1
and IGFBPs at geriatric patients. Review of clinical trials. J Health Sci. 2013; 3(16):245–258.
Le Roith D. Insulin-like growth factors. N Engl J Med. 1997;336:633-40. DOI:
10.1056/NEJM199702273360907
Scarth J. Modulation of the growth hormone-insulin-like growth factor (GH-IGF) axis by pharmaceutical, nutraceutical and environmental xenobiotics: an emerging role for xenobiotic-metabolizing enzymes and the transcription factors regulating their expression. A review. Xenobiotica. 2006; 36 (2–3):119–218. DOI: 10.1080/00498250600621627
Bonday CA, Underwood LE, Clemmons DR, Guler H-P, Bach MA, Skarulis M. Clinical uses of
insulin-like growth factor I. Ann Int Med. 1994; 120(7):593- 601. DOI: 10.7326/0003-4819-120-7199404010-00011
Manini TM, Druger M, Snyder-Ploutz L. Misconceptions about strength exercise among older
adults. J Aging Phys Act. 2005;13:422–433. DOI: 10.1123/japa.13.4.422
Kraemer RR. Similar hormonal responses to concentric and eccentric muscle actions using relative loading. Eur J Appl Physiol. 2006; 96(5):551–557. DOI: 10.1007/s00421-005-0094
Koziris LP, Hickson RC, Chatterton Jr RT, Groseth RT, Christie JM, Goldflies DG, Unterman
TG. Serum levels of total and free IGF-I and IGFBP-3 are increased and maintained in long-term
training. J Appl Physiol. 1999;86:1436–1442. DOI: 10.1152/jappl.1999.86.4.1436

Balt J Health Phys Act. 2022;14(3):Article7.

10.
11.
12.

13.
14.
15.

16.
17.

18.
19.

20.

21.
22.
23.

24.
25.
26.

27.

28.
29.

10 of 12

Eliakim A, Brasel JA, Mohan S, Wong WLT, Cooper DM. Increased physical activity and the
growth hormone-IGF-I axis in adolescent males. Am J Physiol. 1998;275:R308–R314. DOI:
10.1152/ajpregu.1998.275.1.R308
Fontana L, Klein S, Holloszy JO. Long-term low-protein, low-calorie diet and endurance exercise modulate metabolic factors associated with cancer risk. Am J Clin Nutr. 2006;84:1456–1462.
DOI: 10.1093/ajcn/84.6.1456
Heald AH, Siddals KW, Fraser W, Taylor W, Kaushal K, Morris J, et al. Low Circulating levels
of insulin-like growth factor binding protein-1 (IGFBP-1) are closely associated with the presence of macrovascular disease and hypertension in type 2 diabetes. Diabetes. 2002;51(8):2629–
36. DOI: 10.2337/diabetes.51.8.2629
Frystyk J. Utility of free IGF-I measurements. Pituitary. 2007;10:181–7. DOI: 10.1007/s11102-0070025-y
Brugts MP, van den Beld AW, Hofland LJ, van der Wansem K, van Koetsveld PM, Frystyk J,
et al. Low circulating insulin-like growth factor-I is associated with increases mortality. J Clin
Endocrinol Metab. 2008;93(7):2515–22. DOI: 10.1210/jc.2007-1633
Nindl BC, Alemany JA, Kellogg MD, et al. Utility of circulating IGF-I as a biomarker for assessing body composition changes in men during periods of high physical activity superimposed upon energy and sleep restriction. J Appl Physiol. 2007;103:340–6. DOI: 10.1152/japplphysiol.01321.2006
Nindl BC, Pierce JR. Insulin-like growth factor-I as a biomarker of health, fitness, and training
status. Med Sci Sports Exerc. 2010;42(1):39–49. DOI: MSS.0b013e3181b07c4d
Okereke OI, Kang JH, Ma J, Gaziano JM, Grodstein F. Midlife plasma insulin-like growth factorI and cognitive function in older men. J Clin Endocrinol Metab. 2006;91(11):4306–12. DOI:
10.1210/jc.2006-1325
Nindl BC. Insulin-like growth factor-I as a candidate metabolic biomarker: military relevance
and future directions for measurement. J Diabetes Sci Technol. 2009;3(2):371–6. DOI:
10.1177/193229680900300220
Nindl BC, Alemany JA, Kellogg MD, Rood J, Allison SA, Young AJ, et al. Utility of circulating
IGF-I as a biomarker for assessing body composition changes in men during periods of high
physical activity superimposed upon energy and sleep restriction. J Appl Physiol. 2007;103:340–
6. DOI: 10.1152/japplphysiol.01321.2006
Manjinder SS, DungerDB, Giovannucci EL. Insulin, insulin-like growth factor-i (IGF-I), IGF
binding proteins, their biologic interactions, and colorectal cancer J Natl Cancer Inst
2002;94(13):972–980. DOI: 10.1093/jnci/94.13.972
Scacchi M Pincelli AI, Cavagnini F. Growth hormone in obesity. Int J Obes Relat Metab Disord.
1999;23(3):260–71. DOI: 10.1038/sj.ijo.0800807
Lavie CJ, Milani RV, Ventura HO. Obesity and cardiovascular disease: risk factor, paradox, and
impact of weight loss. J Am Coll Cardiol. 2009;53:1925–1932. DOI: 10.1016/j.jacc.2008.12.068
Romero-Corral A, Montori VM, Somers VK, Korinek J, Thomas RJ, Allison TG, et al. Association
of bodyweight with total mortality and with cardiovascular events in coronary artery disease:
A systematic review of cohort studies. Lancet. 2006;368:666–678. DOI: 10.1016/S01406736(06)69251-9
Thibault R, Pichard C. The evaluation of body composition: a useful tool for clinical practice.
Ann Nutr Metab. 2012;60:6–16. DOI: 10.1159/000334879
Kyle UG, Morabia A, Schutz Y, Pichard C. Sedentarism affects body fat mass index and fatfree mass index in adults aged 18 to 98 years. Nutrition. 2004;20(3):255–60. DOI:
10.1016/j.nut.2003.11.019
Lavie CJ, De Schutter A, Patel DA, Romero-Corral A, Artham SM, Milani RV. Body composition
and survival in stable coronary heart disease-Impact of lean mass index and body fat in the
“obesity paradox”. J Am Coll Cardiol. 2012;60:1374–1380. DOI: 10.1016/j.jacc.2012.05.037
Boquist S, Ruotolo G, Skoglund-Andersson C, Tang R, Björkegren J, Bond MG, et al. Correlation
of serum IGF-I and IGFBP-1 and -3 to cardiovascular risk indicators and early carotid atherosclerosis in healthy middle-aged men. Clin Endocrinol. (Oxf) 2008;68:51–8. DOI: 10.1111/j.13652265.2007.02998.x
Renehan AG, Frystyk J, Flyvbjerg A. Obesity and cancer risk: the role of the insulin-IGF axis.
Trends Endocrinol Metab. 2006;17(8):328–36. DOI: 10.1016/j.tem.2006.08.006
Rajaram S, Baylink DJ, Mohan S. Insulin-like growth factor– binding proteins in serum and
other biological fluids: regulation and functions. Endocr Rev. 1997;18:801–31. DOI:
10.1210/edrv.18.6.0321

Balt J Health Phys Act. 2022;14(3):Article7.

30.

31.
32.
33.
34.

11 of 12

Engvall IL, Elkan AC, Tengstrand B, Cederholm T, Brismar K, Hafström I. Cachexia in rheumatoid arthritis is associated with inflammatory activity, physical disability, and low bioavailable insulin‐like growth factor. Scand J Rheumatol. 2008;37(5):321–328. DOI:
10.1080/03009740802055984
Nindl BC, Mcclung JP, Miller K, Karl JP, Pierce JR, Scofield DE, et al. Bioavailable IGF-I is associated with fat-free mass gains after physical training in women. Med. Sci. Sports Exerc. 2011;
43(5):793–799. DOI: 10.1249/MSS.0b013e31820065ea
Lu Y, Shu H, Zheng Y, Li C, Liu M, Chen Z, et al. Comparison of fat-free mass index and fat
mass index in Chinese adults. Eur J Clin Nutr. 2012;66:1004-7. DOI: 10.1038/ejcn.2012.86
Parkhouse WS, Coupland DC, Li C, Vanderhoek KJ. IGF-1 bioavailability is increased by resistance training in older women with low bone mineral density. Mech Ageing Dev. 2000;
113(2):75-83. DOI: 10.1016/S0047-6374(99)00103-7
Kraemer WJ, Ratamess NA, Nindl BC. Recovery responses of testosterone, growth hormone,
and IGF-1 after resistance exercise. J Appl Physiol. 2017; 122: 549–558. DOI: 10.1152/japplphysiol.00599.2016

Balt J Health Phys Act. 2022;14(3):Article7.

12 of 12

Author Contributions: Study Design, GU, ND; Data Collection, GU; Statistical Analysis, GU, ND; Data Interpretation, GU, ND;
Manuscript Preparation, GU; Literature Search, GU, ND; Funding Acquisition, GU. All authors have read and agreed to the
published version of the manuscript.
Funding: The study was funded by the Mersin University Scientific Research Projects Commission (BAP) (2017-2-TP3-2576)
Institutional Review Board Statement: Mersin University Institutional Review Board (Protocol number: 2017/86, date of approval: 03/23/2017).
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data that support the findings of this study are available from the corresponding author,
[G.U.], upon reasonable request.
Conflicts of Interest: The authors declare no conflict of interest.

